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ABSTRACT 



Our main aim is the first detailed analysis of the two eclipsing binaries V456 Oph and V490 Cyg. The system V456 Oph has been 
studied both photometrically via an analysis of its light curve observed by the INTEGRAL/OMC and by the period analysis of all 
available times of minima. V490 Cyg has been studied by means of a period analysis only. Many new times of minima for both 
systems have recently been observed and derived. This allows us for the first time to study in detail the processes that affect both 
binaries. The main result is the discovery that both systems have eccentric orbits. For V456 Oph we deal with the eccentric eclipsing 
binary system with the shortest orbital period known (about 1.016 day), while the apsidal motion period is about 23 years. V490 Cyg 
represents the eclipsing system with the shortest apsidal motion period (about 18.8 years only). The two components of V456 Oph 
are probably of spectral type F. We compare and discuss the V456 Oph results from the light curve and the period analysis, but a more 
detailed spectroscopy is needed to confirm the physical parameters of the components more precisely. 
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1. Introduction 

The eccentric eclipsing binaries (EEBs) provide a great op- 
portunity for studying the stellar structure of the stars as well 
as testing the General Relativity outside the solar system. The 
O - C diagram analysis, which investigates the revolution of the 
line of apsides in the system has been described elsewhere, e.g. 
[Gimenez & Garcfa-Pelayo (1983)| [Gimenez & Bastero (1995)1 
Nevertheless, new contributions to this topic with new systems 
are still welcome, especially for cases where the apsidal motion 
period is adequately short and a few periods are covered. This is 
the case for the two somewhat neglected systems V456 Oph and 
V490 Cyg. 



1.1. V456 0ph 

V456 Oph (= AN 108.1935 = SAO 12384 2, V^^^ ^ 9.95 mag) 
has been discovered as a variable star by [Hoffmeister (1935^ 
with the remark that it is a "short-periodic one, but probably 
not rapidly changing". After than Guthnick & Prager (1936) in- 
correctly classified the star as a 5 Cep one with a preliminary 
period of about 14.6 d. No such variation has been detected 
with the present data. The only spectral classification is that 
by [Roman (1956)| who indicated the spectral type A5, but with 
a remark that because of underexposed plates and uncertain 
ephemerides this classification is not very secure. 

Although the first photoelectric light curve has been pub- 
lished by |Demircan et al. (19 88) there was no light curve analy- 
sis of the system performed until today. The same applies to the 
spectroscopic analysis, which has not yet been carried out, so 
the mass ratio of the pair in not known. Soydugan et al. (2006) 
included the binary in the catalogue of systems located in the 



instability strip, which means that is possibly contains a 6 Scu 
component. However, no indication of pulsations in V456 Oph 
has been detected. 



1.2. V490Cyg 

V490 Cyg (= AN 76.1939, V^., = 12.81 mag) is an Algol- 
type eclipsing binary, even though the SIMBAD database lists 
V490 Cyg as a y6 Lyrae one. The system has been discovered as 
a variable by Wachmann (1940)] and its light curve coverage is 
too poor for any reliable analysis. Its spectral type was derived 
to be F8, while [Svechnikov & Kuznetsova (1990)| give an esti- 
mate of the spectral types F8-i-[G4].|Hegediis (19§8)1 included 



this system in his list of stars with possible apsidal motion, but 
since then it was not studied in detail. Other credible informa- 
tion about the physical properties of the components is missing 
because there is so little spectroscopy and photometry of this 
system. 

2. The period analysis 

2.1. V456 0ph 

The set of published times of minima for V456 Oph is quite ex- 
tensive, covering more than 70 years. Regrettably, the old min- 
ima are only photographic and their scatter is so large that one 
cannot use them for any reliable analysis. We used only the more 
precise photoelectric and CCD ones, which were published af- 
ter 1970. These minima roughly follow the linear ephemerides 
given in GCVS, but there some variations are clearly visible. 

We tried to collect all available minima times and also to 
derive some new ones. A few of the already published ones 
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Table 1. New and recalculated CCD minima times of V456 Oph. 
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Fig. 1.0-C diagram of V456 Oph. The lines represent the fit ac- 
cording to the apsidal motion hypothesis (see text and Table |2]i, 
the solid line stands for the primary, while the dashed line stands 
for the secondary minima, dots stand for primary and open cir- 
cles for the secondary minima. The black line near the bottom 
axis represents the time interval covered with the OMC data used 
for the light curve analysis. 



were recalculated once again and corrected for the final analy- 
sis. Besides these minima times, we also used the photometry of 
V456 Oph obtained with the robotized and automated telescopes 
working today. These are 



- ASAS - the automated survey, V filter, |Pojmanski (2002)[ 
http : //www . astrouw . edu . pl/asas/ 

- OMC - the OMC camera o nboard the INTEGRAL 
satellite, using the V filter, Ma s - Hesse et al. (2004)1 
https : //sdc . laef f . inta . es/omc/ 

- Pi of the sky - the automated telescope, unfiltered, 
|Burd et al (2005)] http : //grb . f uw . edu . pl/pi/ 

Sixteen new minima times were derived from these sur- 
veys, and some of the published ones were computed again 
(see Table [TJ. Our new minima times were observed in the 
Ondfejov observatory with the 65-cm telescope. We used the 
|Kwee & van Woerden (1956)| method for all these minima. The 
mean linear light elements suitable for observations are 



Prim. Min. = 2453923.9358 + 1.01600124 ■ E, 



(1) 



which were also used for deriving the proper epochs and types 
of the minima times written in Table [1] 

If we plot these data points in the O - C diagram, the differ- 
ence between primary and secondary minima is clearly visible. 
Following the method of apsidal motion analysis as described 
in Gimenez & Garcia- Pelayo (1983) we tried the computation 
with orbital inclination / - 90° for the first time. After that we 
used for the second attempt the inclination / = 87.88° (see Sect. 
O, which resulted in almost the same parameters (owing to the 
term cot^(/), which is nearly for our inclination). In Fig. [1] we 
plot the final fit with the apsidal motion hypothesis on all used 
data points. This leads to the parameters of the motion of ap- 
sides given in Table |2] All uncertainties of the parameters were 
calculated from the covariance matrix of the fit and from the un- 
certainty of the inclination. Evidently the apsidal period is very 
short, about only 23 yr, which places this system among one 
those with the shortest apsidal motion. 



2.2. V490 Cyg 

The system V490 Cyg has much lower published times of min- 
ima observations. The first rough times-of-minima estimates are 
those by |Wachmann ( 1 948)| from his photometry in the 1930's, 
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but these have such a large scatter that they cannot be used 
for any reliable analysis. However, he also noticed that the sec- 
ondary minimum is not symmetric with regards to the primary 
one. Nevertheless, a possible eccentricity and apsidal motion 
have never been studied since then. The more precise photoelec- 
tric and CCD observations have been measured since 1999, but 
there are only 12 published minima. 

A few new CCD observations were obtained in the 
Ondfejov observatory with the same telescope as for V456 Oph, 
and two new minima times were also derived from the 
INTEGRAL/OMC data. The new measurements and the already 
published ones are presented in Table [3j The suitable Unear 
ephemerides for observations are 



Prim. Min. = 2451491.6075 + 1.14023698 ■ E, 
Sec. Min. = 2451491.5802 + 1.14023698 ■ E. 



(2) 
(3) 



The minima times presented in Table [3] were used for the 
period analysis, which we did by applying the apsidal motion 
hypothesis. The only difference in analysis between V490 Cyg 
and V456 Oph was the assumption of an inclination / = 90° for 
V490 Cyg because we had no light curve analysis. The differ- 
ence between primary and secondary is clearly visible, reaching 



Table 2. The parameters of the apsidal motion fit for V456 Oph 
and V490 Cyg. 
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Fig. 2. O - C diagram of V490 Cyg. The lines represent the fit 
according to the apsidal motion hypothesis (see text and Table 
|2]i, the solid line stands for the primary, while the dashed line 
stands for the secondary minima, dots stand for the primary and 
open circles for the secondary minima. 
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Fig. 3. PHOEBE light curve solution of V456 Oph based on the 
OMC data, the solid line represents our final solution (see the 
text and Table |4]l. 



up to 47 minutes, which is surprisingly high for a binary with 
such a short orbital period. The analysis led to the parameters of 
the apsidal motion presented in Table |2l Obviously the resulting 
value of the apsidal motion period of about 18.8 years is even 
shorter than for V456 Oph; we are therefore dealing with the 
shortest apsidal motion period known among the EEBs today. 

3. Light curve analysis 

The whole light curve of V456 Oph was observed with the OMC 
camera onboard the INTEGRAL satellite, a description of which 
is given in |Mas - Hesse et al. (2004)| The standard V filter was 
used, but the optical telescope has an aperture of only 5 cm in 
diameter We obtained several hundred observations, of which 
we used 449 for the analysis. 

The programme PHOEBE (ver 0.29, Prsa & Zwitter 2005), 
based on the Wilson-Devinney algorithm (Wilson & Devinney 
197 1) was used for the analysis. The "detached binary" mode (in 
Wilson & Devinney mode 2) was used with several assumptions. 
First, the ephemerides {HJDq and P) and the apsidal motion pa- 
rameters (e, a>, and oj) were adopted from the period analysis, 
because the minima times cover a longer time span, therefore 
these quantities are derived with higher precision. Secondly, the 
mass ratio q and temperature of the primary component Ti were 
set and the other relevant parameters were adjusted for the best 

Table 3. New and already published minima times of V490 Cyg. 
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fit. We changed the q and Ti values in the wide range of values 
to obtain the best fit according to the RMS value and also the 
physical plausibility of the fit. This means during that the fitting 
process we scanned the parameter space in q ranging from 0. 1 to 
1.2 and in T, from 15400 K to 6500 K. 

We fitted the other light curve parameters, which are the lu- 
minosities Li and L2 in the V filer, the temperature of the sec- 
ondary T2, the inclination /, the Kopal's modified potentials Qi 
and Q.2, the synchronicity parameters Fi and F2, the third light 
Z3. The limb -darkening coefficients were automatically interpo- 
lated by the PHOEBE programme from van Hamme's tables (see 
van Hamme 1993), using the linear cosine law for the values of 
Teff and \ogg of both components resulting from the analysis. 
The values of the gravity brightening and bolometric albedo co- 
efficients were set at their suggested values for convective atmo- 
spheres (see Lucy 1968), i.e. d = G2 = 0.32, Aj = A2 = 0.5. 

The best fit was achieved with the light curve parameters 
given in Table |4l and the figure with the final fit is plotted 
in Figl3] Nonzero eccentricity is clearly visible from this plot, 
which is quite surprising in a binary with such a short orbital 
period. No other EEB with a shorter period is known today. The 
value of the third light is Ij, = (0 + 4) %, which indicates that 
there is no other visible companion to the system in the V filter 
(under the assumption that this component is also located on the 
main sequence). We made several attempts with nonzero values 
of the third light, but these did not lead to a satisfactory solution. 

Because there is no spectroscopic analysis, the precise phys- 
ical parameters cannot be computed directly, but need to be 
roughly estimated with the assumption that both components are 
located on the main sequence. We derived the following values: 
Ml = 1.46 Mo, M2 = 1.41 Mo, Ri = 1.51 Ro, R2 = 1-49 Rq. 
These are only very preliminary values, but lead to spectral types 
of about Fl + F2 for the two components. We obtained roughly 
the same result (FO-i-Fl) with the standard mass-luminosity re- 



Table 4. The light curve parameters of V456 Oph. 
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6700 + 430 


L2/(Li + L2) (V) 


41 ± 3 % 


?(=M2/M,) 


0.96 ± 0.15 


Fl 


1.097 ± 0.402 


i [deg] 


87.88 ±0.81 


Fl 


0.843 + 0.356 


Qi 


5.09 ± 0.32 


M 
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0.247 ± 0.04 
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lation for the main sequence stars (e.g. Malkov 2007), applying 
the luminosity ratio derived from the light curve analysis. 

The parameters are very different from what one could ex- 
pect for a main sequence star of spectral type A5 (Roman 
1956), and the masses are also different from those estimated 
by Brancewicz & Dworak (1980), but the presented values pro- 
vided the best light curve fit, and the parameters of the apsidal 
motion also agree well with the theoretical values (see below). 
The spectral type presented by Roman (1956) was only esti- 
mated on the basis of poor photographic spectra. On the other 
hand, there is also the BVR photometry in the NOMAD cata- 
logue (Zacharias et al. 2004), from which B - V - 0.279 mag 
and V - R = 0.165 mag. These values indicate (Houdashelt et 
al. 2000) that the temperature of the system is about 6500 K, 
therefore of the spectral type about of F5. 



4. Discussion 

For the light curve analysis of the system V456 Oph the 
ephemerides and the apsidal motion parameters were fixed, but 
another approach could be to compute these parameters directly 
also from the light curve. The problem is that the data coverage 
for the light curve is rather fairly in time (about only 1/5 of the 
apsidal period), and the data for the light curve have relatively 
high scatter as well. 

The eclipsing binaries, V456 Oph and V490 Cyg, with their 
respective apsidal motion periods of about only 20 years place 
these systems among a few unique ones with apsidal periods be- 
low 30 years (see Table|5]l. 

Our next task was to derive the averaged internal struc- 
ture constant as well and to compare it with the theoretical 
value. This task was done after subtraction of the relativis- 
tic term, which resulted for V456 Oph in the value Wiei = 
0.0011 deg/cycle, about only 2.5% of the total apsidal motion 
rate. Therefore, the internal structure constant is 

log^2,obs = -2.44 + 0.20. 

The surprisingly high value of the uncertainty is mainly caused 
by the error of the relative radii from the light curve analysis. 
We can compare this value with the stellar evolution grids (e.g. 
by Claret 2004) and the theoretical values of fca.theor- Using the 
value of log M - 0.1725 (M - 1.49 Mq), we obtained the value 
of 

log^2,theor = -2.41 ±0.05 

for the main sequence star with an age between and 1 .5 ■ 10^ yr. 
This could be interpreted as a rough estimation of maximum age 
for this system. No other eccentric eclipsing binary with such a 
late spectral type is known today. Therefore a detailed analysis 
of its spectra would be very welcome. 



Table 5. The EEBs with the shortest apsidal motion period. 



System 
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P[d] 
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Reference 
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1.1402 


0.045 


18.8 


This paper 


V38I Cas 


B3 
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0.0253 
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Wolf etal. (2010) 
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Vaz et al. (2007) 


V456 Oph 


?F1+F2? 


1.0160 


0.017 


22.6 


This paper 


GL Car* 


BO+Bl 


2.4222 


0.146 


25.2 


Wolf et al. (2008) 


V478 Cyg 


BO+BO 


2.8809 


0.0158 


27.1 


Wolf et al. (2006) 



* Triple system 



5. Conclusions 

We performed the first detailed photometric and period analysis 
of the two eclipsing systems V456 Oph and V490 Cyg, which 
yielded the parameters of the apsidal motion with periods of 
about only 23 and 19 years. With the orbital period of V456 Oph 
of only about 1.016 days we are dealing with the shortest orbital 
period among the apsidal motion systems, while the period of 
apsidal motion of 18.8 years of V490 Cyg makes this system 
the shortest among the EEBs. However, because we lack a spec- 
troscopic analysis, some of the physical parameters were only 
roughly estimated and apparently contradict each other New 
times of minima observations as well as a detailed spectroscopic 
analysis are needed. 
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